HYDRAULIC PRESSURE CONTROL FOR CONTINUOUSLY VARIABLE 

TRANSMISSION 

FIELD OF THE INVENTION 

[0001] This invention relates to the control of the hydraulic pressure supplied 
to a continuously variable transmission for a vehicle. 

BACKGROUND OF THE INVENTION 

[0002] Continuously variable transmissions (CVT) for vehicles for example 
comprise a primary pulley which inputs the rotation of the engine, a secondary 
pulley which outputs this rotation to the drive wheels, and a V-belt which transmits 
the rotation of the primary pulley to the secondary pulley. 

[0003] In such a CVT, the ratio of the rotational speeds of the primaiy pulley 
and secondary pulley, i. e., the speed ratio, is continuously varied by using 
hydraulic pressure to vary the ratio of the contact radius of the V-belt with the 
primary pulley and the contact radius of the V-belt with the secondary pulley. 
[0004] Tokkai Hei 9-329229 issued by the Japan Patent Office in 1997 discloses 
a slight correction of the target speed ratio of the transmission in the direction of 
decrease, i. e., in the up -shift direction, immediately after the vehicle has started 
to move in order to achieve smooth start-up of the vehicle. 
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[0005] However, providing that the pressure receiving areas of the primary 
pulley and secondary pulley that receive the hydraulic pressure are almost the 
same, the difference in thrust force required for up-shifting is difficult to generate 
between the pulleys in the abovementioned control, so that a speed change lag in 
the transmission occurs when the vehicle starts to move. 

[0006] Furthermore, in cases where the target speed change rate is dynamically 
calculated from the speed change schedule and throttle opening of the engine, and 
the primary pressure is set in accordance with the target speed change rate, there 
is a delay caused by the smoothing processing such as filter processing or the like 
in the calculation of the target speed change rate. As a result, the setting of the 
primary pressure tends to be inadequate immediately after the initiation of a gear 
shift. This fact is also a cause of a speed change lag when the vehicle starts to 
move. 

[0007] It is therefore an object of this invention to prevent the speed change 
lag from occurring in a CVT when vehicles start to move. 

[0008] In order to achieve the above object, this invention provides a hydraulic 

pressure control device for such a continuously variable transmission for a vehicle 

that varies a speed ratio at a speed change rate corresponding to a hydraulic 

pressure. The device comprises a programmable controller programmed to calculate 

a target speed change rate according to a predetermined speed change schedule in 

which the speed ratio varies in an up-shift direction as a vehicle speed increases, 

determine after the vehicle has started to move whether or not a specified condition 

holds, control the hydraulic pressure supplied to the transmission, when the 

specified condition holds, to a pressure corresponding to the target speed change 

rate, and control the hydraulic pressure supplied to the transmission, when the 
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specified condition does not hold, to a pressure corresponding to a target start-up 
speed change rate which is larger than the target speed change rate. 
[0009J It is preferable that the device further comprises a hydraulic pressure 
regulating unit which varies the hydraulic pressure supplied to the transmission 
and a sensor which detects a vehicle speed. 

[OOIO] This invention also provides a hydraulic pressure control method for 
such a continuously variable transmission for a vehicle that varies a speed ratio 
at a speed change rate corresponding to a hydraulic pressure. The method comprises 
calculating a target speed change rate according to a predetermined speed change 
schedule in which the speed ratio varies in an up-shift direction as a vehicle speed 
increases, determining after the vehicle has started to move whether or not a 
specified condition holds, controlling the hydraulic pressure supplied to the 
transmission, when the specified condition holds, to a pressure corresponding to 
the target speed change rate, and controlling the hydraulic pressure supplied to 
the transmission, when the specified condition does not hold, to a pressure 
corresponding to a target start-up speed change rate which is larger than the 
target speed change rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[OOll] The details as well as other features and advantages of this invention 
are set forth in the remainder of the specification and are shown in the accompanying 
drawings. 

[0012] FIG. 1 is a schematic diagram of a hydraulic pressure control device of 

a continuously variable transmission (CVT) according to this invention. 
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[0013] FIG. 2 is a block diagram illustrating the control content of the 
hydraulic pressure control device according to this invention. 

[0014] FIGs. 3A and 3B are a flow chart describing a hydraulic pressure 
control routine executed by a CVT controller according to this invention. 
[0015] FIG. 4 is a flow chart describing a subroutine for calculating a target 
primary pressure and a target secondary pressure executed by the CVT controller. 
[0016] FIGs. 5A and 5B are diagrams illustrating the characteristics of a map 
of a thrust force of the primary pulley and a map of a thrust force of the secondary 
pulley stored by the CVT controller. 

[0017] FIG. 6 is a flow chart describing a subroutine for calculating a target 

primary pressure correction amount executed by the CVT controller. 

[0018] FIG. 7 is a diagram illustrating the characteristics of a map of a 

pulley stroke speed multiplying factor stored by the CVT controller. 

[0019] FIG. 8 is a diagram illustrating the characteristics of a map of a 

primary pressure correction amount stored by the CVT controller. 

[0020] FIG. 9 is a diagram illustrating the characteristics of a speed change 

schedule stored by the CVT controller. 

[0021] FIG. 10 is a diagram illustrating the characteristics of a map of a 
target start-up speed change rate stored by the CVT controller. 

[0022] FIGs. 11A through 11G are timing charts illustrating variation in 
hydraulic pressure occurring when a vehicle starts to move under hydraulic pressure 
control according to this invention. 

[0023] FIG. 12 is a flowchart describing essential parts of a hydraulic pressure 
control routine executed by a controller according to a second embodiment of this 
invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0024] Referring to FIG. 1 of the drawings, a belt CVT 10 for a vehicle 
comprises a primary pulley 11, a secondary pulley 12, and a V-belt 13 which is 
wrapped around the pulleys 11 and 12. 

[0025] The rotation of an engine 1 is input to the primary pulley 11 via a 
torque converter 2 equipped with a lock-up clutch, and a forward /reverse change-over 
mechanism 3. The primary pulley 11 comprises a fixed conical plate lib which 
rotates together with an input shaft lid, and a movable conical plate 11a which is 
disposed facing the fixed conical plate lib. The fixed conical plate lib and 
movable conical plate 1 la form a V-shaped pulley groove, and the contact radius 
between the primary pulley 11 and V-belt 13 is continuously varied as a result of 
the width of the pulley groove being varied by the movable conical plate 11a, which 
displaces towards or away from the fixed conical plate lib in response to the 
hydraulic pressure supplied to a primary pulley cylinder chamber 1 lc (hereinafter 
referred to as a primary pressure.) 

[0026] The V-belt 13 transmits the rotation of the primary pulley 11 to the 
secondary pulley 12. 

[0027J The secondary pulley 12 outputs the rotation transmitted by the V-belt 
13 to a differential 4 via an idler gear 14. The secondary pulley 12 comprises a 
fixed conical plate 12b which rotates together with an output shaft 12d, and a 
movable conical plate 12a which is disposed facing the fixed conical plate 12b. 
The fixed conical plate 12b and movable conical plate 12a form a V-shaped pulley 

groove, and the contact radius between the secondary pulley 12 and the V-belt 13 
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is continuously varied as a result of the width of the pulley grove being varied by 
the movable conical plate 12a, which displaces towards or away from the fixed 
conical plate 12b in response to the hydraulic pressure supplied to a secondary 
pulley cylinder chamber 12c (hereinafter referred to as a secondary pressure). 
[0028] A pressure receiving area of the secondary pulley 12 which faces the 
secondary pulley cylinder chamber 12c, is set equal to a pressure receiving area of 
the primary pulley 11 which faces the primary pulley cylinder chamber 11c. 
[0029] The hydraulic pressures of the primary pulley cylinder chamber 11c 
and secondary pulley cylinder chamber 12c are controlled by a CVT controller 20 
via a hydraulic pressure regulating unit 30. The operation of the engine 1 is 
controlled by an engine controller 21. 

[0030] The CVT controller 20 and engine controller 21 are constructed by 
microcomputers respectively comprising central processing units (CPU), read-only 
memories (ROM), random access memories (RAM) and input-output interfaces 
(I/O interfaces). The CVT controller 20 may be constructed from a plurality of 
microcomputers, or the controllers 20 and 21 may be constructed from a single 
microcomputer. 

[0031] In order to control the hydraulic pressure of the primary pulley cylinder 
chamber 11c and secondary pulley cylinder chamber 12c, respective detection data 
are input into the CVT controller 20 via a signal circuit from an inhibitor switch 
23 which detects the selection range of a shift lever installed in the vehicle, an 
accelerator pedal depression sensor 24 which detects the depression amount of an 
accelerator pedal 24a installed in the vehicle, an oil temperature sensor 25 which 
detects the temperature of oil supplied to the primary pulley cylinder chamber 1 lc 
and secondary pulley cylinder chamber 12c, a rotation speed sensor 26 which 



detects the rotation speed of the primary pulley 11, a rotation speed sensor 27 
which detects the rotation speed of the secondary pulley 12 and a pressure sensor 
28 which detects the hydraulic pressure of the secondary pulley cylinder chamber 
12c. 

[0032] Furthermore, the rotation speed of the engine 1 is input into the CVT 
controller 20 via the engine controller 21 from an engine rotation speed sensor 29, 
and the throttle opening TV is input into the CVT controller 20 via the engine 
controller 21 from a throttle sensor 41 that detects the opening of the throttle of 
the engine 1. Since the running speed of the vehicle VS is proportional to the 
rotation speed of the secondary pulley 12, the rotation speed of the secondary 
pulley 12 also represents the running speed of the vehicle VS. 

[0033] On the basis of the input signals and input torque information that is 
input from the engine controller 21, the CVT controller 20 determines a target 
speed ratio of the CVT 10, and frictional forces acting between the pulleys 11 and 
12 and the V-belt 13. Furthermore, the CVT controller 20 calculates a target 
primary pressure and a target secondary pressure, and transmits corresponding 
command signals to the hydraulic pressure regulating unit 30. 

[0034] On the basis of the command signals from the CVT controller 20, the 
hydraulic pressure regulating unit 30 supplies hydraulic pressure to the primary 
pulley cylinder chamber 11c and secondary pulley cylinder chamber 12c so that the 
primary pressure and secondary pressure are equal to the target values. As a 
result, the movable conical plate 1 la is displaced along the input shaft 1 Id so as 
to vary the width of the pulley groove of the primary pulley 11. Furthermore, the 
movable conical plate 12a is displaced along the output shaft 12d so as to vary the 
width of the pulley groove of the secondary pulley 12. 



[0035] As the respective pulley grooves vary, the contact radii between the 
V-belt 13 and the primary pulley 11 and secondary pulley 12 vary, so that the 
speed ratio of the belt CVT 10 and the frictional forces between the V-belt 13 and 
the respective pulleys 11 and 12 vary toward the target values set by the CVT 
controller 20. 

[0036] Under the above control, the rotation of the engine 1 is input into the 
CVT 10 via the torque converter 2 and forward /reverse change-over mechanism 3, 
and is transmitted to the differential 4 from the primary pulley 11 via the V-belt 
13 and secondary pulley 12. 

[0037] Next, referring to FIG. 2, the abovementioned hydraulic pressure control 
by the CVT controller 20 and hydraulic pressure regulating unit 30 will be described. 
[0038] The hydraulic pressure regulating unit 30 comprises a hydraulic pressure 
valve 34, a regulator valve 31, a speed change control valve 32, a pressure reduction 
valve 33, and a step motor 40. 

[0039] The regulator valve 31 is a pressure regulating valve which regulates 
the pressure of the hydraulic fluid discharged by the hydraulic pressure pump 34 
to a line pressure PL in accordance with a line pressure command signal from the 
CVT controller 20. The line pressure command signal is output as a duty signal, 
and the regulator valve 31 has a solenoid which responds to the duty signal. 
[0040] The speed change control valve 32 is a valve which is used to cause 
the primary pressure to coincide with the target primary pressure. The speed 
change control valve 32 is constructed from a spool valve, and a servo link 50 is 
connected to the spool 32a. One end of the servo link 50 is connected to the step 
motor 40, and the other end of the servo link 50 is connected to the movable disk 
plate 1 la of the primary pulley 11. 
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[0041] The speed change control valve 32 selectively connects the line pressure 
PL and a drain to the primary pulley cylinder chamber 1 lc by displacing the spool 
32a in accordance with the rotation of the step motor 40. As a result, when the 
width of the pulley groove of the primary pulley 11 varies, this variation is fed back 
as displacement of the spool 32a via the servo link 50. 

[0042] Using this mechanical feedback mechanism, the gear-shift control 
valve 32 controls the primary pressure so as to realize the target speed ratio 
commanded by the CVT controller 20. Furthermore, after the speed change operation 
to the target speed ratio has been completed, the spool 32a is held in a blocking 
position that blocks the entry and exit of oil into and from the primary pulley 
cylinder chamber 1 lc by feedback from the servo link 50. 

[0043] The pressure reduction valve 33 is used to cause the secondary pressure 
to coincide with the target secondary pressure. 

[0044] The pressure reduction valve 33 has a solenoid which responds to a 
secondary pressure command signal input from the CVT controller 20, and reduces 
the line pressure PL to the target secondary pressure in accordance with the 
excitation of^the solenoid. 

[0045] After the discharge pressure of the hydraulic pressure pump 34 has 
been adjusted to the line pressure PL by the regulator valve 31, it is respectively 
supplied to the speed change control valve 32 and pressure reduction valve 33. 
[0046] The CVT controller 20 comprises a speed ratio control block 201 which 
determines the target speed ratio, and drives the step motor 40 so that the speed 
ratio of the CVT 10 coincides with the target speed ratio, and a pulley pressure 
control block 202 which determines the respective target values of the line pressure, 

primary pressure and secondary pressure, corrects the target values as required, 
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and outputs corresponding signals to the regulator valve 31 and pressure reduction 
valve 33. These blocks are virtual blocks for illustrating the respective functions 
of the controller, and do not exist physically. 

[0047] Next, referring to FIGs. 3A and 3B, a hydraulic pressure control routine 
that is executed by the CVT controller 20 will be described. This routine is 
executed at intervals of ten milliseconds during the operation of the engine 1 . 
[0048] In the following description, the speed change rate takes a positive 
value when the speed ratio of the CVT 10 increases, i. e., when the CVT 10 is 
shifted down, and takes a negative value when the speed ratio of the CVT 10 
decreases, i. e., when the CVT 10 is up-shifted. 

[0049] First, in a step S 1 , the CVT controller 20 calculates the target primary 
pressure and the target secondary pressure by executing a subroutine shown in 
FIG. 4. This subroutine will be described later. The respective target values 
calculated here are pressures that are required to hold the pulleys 11, 12 such 
that the belt 13 does not slip over the pulleys 11, 12 while maintaining the 
current speed ratio, and are referred to as steady state pressures. 
[0050] In a next step S2, the CVT controller 20 determines whether or not 
the vehicle is in a stationary mode. The stationary mode represents the state of 
the vehicle in which the vehicle speed VS is less than three kilometers per hour, 
and the rotation speed NPRI of the primary pulley 11 is less than two hundred 
revolutions per minute. 

[0051] When the vehicle is in the stationary mode, in a step S3, the CVT 

controller 20 sets the target primary pressure correction amount at zero pascals. 

[0052] On the other hand, when the vehicle is not in the stationary mode, in 

a step S5, the CVT controller 20 determines in step S5 as to whether or not speed 
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ratio feedback control conditions hold. 

[0053] It is determined that the conditions hold when all the following 
conditions are satisfied. Specifically, the vehicle speed is three kilometers per 
hour or greater, the rotational speed NPRI of the primary pulley 1 1 is two hundred 
revolutions per minute or greater, and neither the oil temperature sensor 25 nor 
the engine rotational speed sensor 29 show abnormalities. 

[0054] When any of these conditions are not satisfied, it is determined that 
the speed ratio feedback control conditions do not hold. 

[0055] When the vehicle is not in the stationary mode, and the speed ratio 
feedback control conditions do not hold, it denotes that some irregularities have 
occurred in the vehicle drive system. In this case, in a step S18, the CVT controller 
20 sets the target primary pressure correction amount at five thousand 
Newtons/ pressure receiving area. The pressure receiving area is the pressure receiving 
area of the primary pulley 11 that faces the primary pulley cylinder chamber 1 lc. 
[0056] When the speed ratio feedback control conditions hold in the step S5, 
the CVT controller 20 determines in a step S6 whether or not the vehicle is in a 
start-up mode. The start-up mode represents the state of the vehicle in which the 
actual speed ratio of the CVT 10 calculated from the speed detected by the 
rotational speed sensors 26 and 27 is in a specified range from the maximum 
speed ratio of the CVT. 

[0057] When the vehicle is in the start-up mode, in a step S8, the CVT 
controller 20 calculates a target start-up speed change rate from the accelerator 
pedal depression amount by referring to a map having the characteristics shown in 
FIG. 10. The map is prestored in the memory (ROM) of the controller 40. The 
target start-up speed change rate denotes a target speed change rate when the 



vehicle starts to move. 

[0058] Referring to FIG. 10, the target start-up speed change rate shows a 
negative peak value at a specified accelerator pedal depression amount AP01 
which is close to zero. Subsequently, the target speed change rate approaches 
zero as the accelerator pedal depression amount increases. Since the speed ratio 
varies in the direction of reduction when the vehicle starts to move, the target 
start-up speed change rate is expressed as a negative value, as was described 
above. 

[0059] When the accelerator pedal depression amount is large, the output 
torque of the engine 1 is also large. As a result, the acceleration of the vehicle 
becomes large, but the vehicle speed at which upshifting is performed also becomes 
large. In other words, the period during which the CVT 10 stays in a large speed 
ratio is prolonged, so the speed change lag due to a delay in the stand-by of the 
hydraulic pressure is not likely to occur. 

[0060] According to this invention, the primary pressure is corrected in the 
direction of increase as the absolute value of the target start-up speed change rate 
increases. This criterion will be described later in detail. 

[0061] If the target start-up speed change rate is close to zero while the speed 

change lag is not likely to occur, the correction amount of the primary pressure is 

small. By setting the target start-up speed change rate to approach zero as the 

accelerator pedal depression amount increases, the correction amount of the 

primary pressure in the direction of increase is suppressed to a small value in a 

region where the speed change lag is not likely to occur. Such a criterion for 

setting the target start-up speed change rate is preferred in view of suppressing 

unnecessary fuel consumption in the region where the speed change lag is not 
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. likely to occur. 

[0062] On the other hand, when the accelerator pedal depression amount is 
smaller than the specified peak amount APOt the target start-up speed change 
rate approaches zero as the accelerator pedal depression amount decreases. In 
this region, up-shifting is performed at a low vehicle speed. 

[0063] However, since the accelerator pedal depression amount is small, and 
both the output torque of the engine and the acceleration of the vehicle are also 
small, the time until up-shift operation is required is long. As a result, the period 
for which the CVT 10 remains in a state of a large speed ratio is prolonged, so that 
a speed change lag caused by a stand-by delay in the hydraulic pressure tends not 
to occur. 

[0064] Accordingly, it is desirable that the target start-up speed change rate 
approaches zero as the accelerator pedal depression amount decreases in terms of 
suppressing an increase in fuel consumption in a region in which a speed change 
lag tends not to occur. 

[0065] The specified accelerator pedal depression amount AP01 is set at an 
amount with, which the speed ratio of the CVT 10 is largely up- shifted at an early 
stage. 

[0066] A considerable effect can be also be obtained by an arrangement in 

which the target start-up speed change rate in the region where the accelerator 

pedal depression amount is greater than zero but not larger than the specified 

accelerator pedal depression amount AP01 is set equal to the peak value, and 

thereafter decreases as the accelerator pedal depression amount approaches zero. 

[0067] After the target start-up speed change rate has been calculated in the 

step S8, the CVT controller 20 sets the target start-up speed change rate as the 
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♦ target speed change rate in a step SI 1. 

[0068] Following the processing of the step SI 1, the CVT controller 20 performs 
the processing of a step S13. 

[0069] Meanwhile, when the vehicle is not in the start-up mode in the step 
S6, i. e., when the actual speed ratio of the CVT 10 is not within a specified range 
from the maximum speed ratio, the vehicle has completed the start-up operation 
and entered a normal running mode. In this case as well, the CVT controller 20 
calculates the target start-up speed change rate from the accelerator pedal depression 
amount by referring to the map corresponding to FIG. 10 in a step SI 4, in the 
same manner as in the processing of the step S8. 

[0070] In a next step SI 5, the CVT controller 20 calculates a final target 
speed ratio from the vehicle speed VS and the throttle opening TV of the engine 1 
by referring to a speed change schedule of which the characteristics are shown in 
FIG. 9. This speed change schedule is also prestored in the memory (ROM) of the 
CVT controller 20. 

[0071] The vehicle speed VS is proportional to the rotational speed of the 
secondary pulley 12 of the CVT 10, so it is known from the signals input from the 
rotation speed sensor 27 as was described above. 

[0072] The vertical axis of the figure indicates the rotation speed of the 
primary pulley 1 1 . Accordingly, the slope of a straight line connecting the origin 
and the point determined from the vehicle speed VS and the throttle opening TV in 
the figure represents the speed ratio of the CVT 10. 

[00731 After the final speed ratio has been calculated, the CVT controller 20 

calculates the target speed ratio by applying a first-order delay processing to the 

final speed ratio using time constants that have respectively been set for up- shifting, 
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down- shifting and the down-shifting that accompanies the depression of the 
accelerator pedal. Then, a value obtained by dividing the difference between the 
final speed ratio and the target speed ratio by the corresponding time constant is 
set as the target speed change rate in the normal running mode. 
[0074] In a next step SI 6, CVT controller 20 compares the target start-up 
speed change rate calculated in the step S14 and the target speed change rate for 
normal running calculated in the step SI 5. Since both of these values are 
negative values, the comparison is accomplished by comparing the absolute values. 
[0075] When the target start-up speed change rate is equal to or greater than 
the target speed change rate for normal running in the comparison of absolute 
values in the step S16, the CVT controller 20 sets the target start-up speed change 
rate as the target speed change rate in the step Sll, and thereafter performs the 
processing of the step SI 3. 

[0076J When the target start-up speed change rate is smaller than the target 
speed change rate for normal running in the comparison of absolute values in the 
step SI 6, the CVT controller 20 sets the target speed change rate for normal 
running as the target speed change rate in the step S12. Following the processing 
of the step S12, the CVT controller 20 performs the processing of the step S13. 
[0077] In the step S13, the target primary pressure correction amount is 
calculated from the target speed change rate using a subroutine shown in FIG. 6. 
This subroutine will be described later. 

[0078J After the target primary pressure correction amount has thus been 

calculated in the steps S3, S13 or step S18, the CVT controller 20 adds the target 

primary pressure correction amount to the target primary pressure in a step S4. 

[0079] In a final step S20, the CVT controller 20 sets whichever is the larger 
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of the target secondary pressure calculated in the step SI and the target primary 
pressure corrected in the step S4 as the target line pressure . Then , a line pressure 
command signal corresponding to the set target line pressure is output to the 
regulator valve 31. After the processing of the step S20, the CVT controller 20 
terminates the routine. 

[0080] Next, referring to FIG. 4, the subroutine for calculating the target 
primary pressure and target secondary pressure that is executed in the step SI of 
the hydraulic pressure control routine will be described. 

[0081] First, in a step S101, the CVT controller 20 calculates an input torque 
of the primary pulley 11. For this purpose, the output torque of the engine 1 is 
input as a signal into the CVT controller 20 from the engine controller 21. The 
CVT controller 20 calculates the input torque of the primary pulley 1 1 by multiplying 
the output torque of the engine 1 by the torque ratio of the torque converter 2, 
which is previously known. 

[0082] In a next step SI 02, the CVT controller 20 calculates the speed ratio 
of the belt CVT 10 by dividing the rotation speed of the primary pulley 1 1 detected 
by the rotation speed sensor 26 by the rotation speed of the secondary pulley 12 
detected by the rotation speed sensor 27. It would also be possible to detect the 
speed ratio of the belt CVT 10 directly using a single sensor instead of the rotation 
speed sensors 26 and 27. 

[0083] In a next step S103, the CVT controller 20 calculates a thrust force 

that is to be applied to the primary pulley 11 from the speed ratio of the belt CVT 

10 and the input torque of the primary pulley 1 1 by referring to a map of which 

the characteristics are shown in FIG. 5A. The map is prestored in the memory 

(ROM) of the CVT controller 20. The thrust force that is to be applied to the 
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primary pulley 1 1 corresponds to a product of the hydraulic pressure that is to be 
applied to the primary pulley cylinder chamber 11c and the pressure receiving area 
of the primary pulley 11. According to FIG. 5A, the thrust force that is to be 
applied to the primary pulley 11 increases as the speed ratio increases. At the 
same speed ratio, the thrust force that is to be applied to the primary pulley 1 1 
increases as the input torque increases. 

[0084] In the step SI 03, the CVT controller 20 further calculates a thrust 

force that is to be applied to the secondary pulley 12 from the speed ratio of the 

belt CVT 10 and the input torque of the primary pulley 1 1 by referring to a map of 

which the characteristics are shown in FIG. 5B. The map is prestored in the 

memory (ROM) of the CVT controller 20. The thrust force that is to be applied to 

the secondary pulley 12 corresponds to a product of the hydraulic pressure that is 

to be applied to the secondary pulley cylinder chamber 12c and the pressure 

receiving area of the secondary pulley 12. According to FIG. 5B, the thrust force 

that is to be applied to the secondary pulley 12 increases as the speed ratio 

increases. At the same speed ratio, the thrust force that is to be applied to the 

secondary pulley 12 increases as the input torque to the primary pulley 11 increases. 

[0085] Comparing FIGs. 5A and 5B, it is seen that when the speed ratio is 

small, the thrust force that is to be applied to the primary pulley 11 is greater 

than the thrust force that is to be applied to the secondary pulley 12 at the same 

speed ratio and input torque. However, since the thrust force that is to be applied 

to the secondary pulley 12 has a large increase rate accompanying an increase in 

the speed ratio, the thrust force that is to be applied to the secondary pulley 12 

becomes greater than the thrust force that is to be applied to the primary pulley 

11 at the same speed ratio and input torque when the speed ratio exceeds a 
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certain value. 

[0086] In a next step S104, the CVT controller 20 calculates the target 
primary pressure by dividing the thrust force that is to be applied to the primary 
pulley 11 by the pressure receiving area of the primary pulley 11. The CVT 
controller 20 then calculates the target secondary pressure by dividing the thrust 
force that is to be applied to the secondary pulley 12 by the pressure receiving area 
of the secondary pulley 12. After the calculations of the step SI 04, the CVT 
controller 20 terminates the subroutine. 

[0087] Next, referring to FIG. 6, the subroutine for calculating the target 
primary pressure correction amount that is executed in the step S13 of the 
hydraulic pressure control routine will be described. 

[0088] First, in a step S131, the CVT controller 20 calculates the pulley 
stroke speed multiplying factor from the speed ratio by referring to a map of which 
the characteristics are shown in FIG. 7. The map is prestored in the memory 
(ROM) of the CVT controller 20. The pulley stroke speed multiplying factor is a 
value that is obtained by dividing the pulley stroke speed by the speed ratio of the 
belt CVT 10.^ According to FIG. 7, the pulley stroke speed multiplying factor 
increases as the speed ratio decreases. 

[0089] In a next step S132, the CVT controller 20 calculates the pulley stroke 
speed by multiplying the pulley stroke speed multiplying factor by the speed 
change rate of the CVT 10 that is calculated from the above mentioned actual 
speed ratio of the CVT 10. 

[0090] In a next step SI 33, the CVT controller 20 calculates the target 

primary pressure correction amount from the pulley stroke speed by referring to a 

map of which the characteristics are shown in FIG. 8. The map is prestored in the 
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memory (ROM) of the CVT controller 20. Referring to FIG. 8, the stroke speed of 
the pulley operating in the up-shifting direction is expressed as a negative value, 
and the primary pressure correction amount increases as the absolute value of the 
pulley stroke speed increases until the absolute value of the pulley stroke speed in 
the up-shifting direction reaches a fixed value from zero. After the calculation of 
the target primary pressure correction amount in the step SI 33, the CVT controller 
20 terminates the subroutine. 

[0091] Next, referring to FIGs. 11A through 11G, the variation of the primary 
pressure and secondary pressure when the vehicle starts to move under the 
abovementioned hydraulic pressure control performed by the CVT controller 20 will 
be described. 

[0092] In FIG. 1 1A, the accelerator pedal 24a is depressed to the specified 
amount of depression AP01 at a time t1 to cause the vehicle to start running 
while the vehicle is in the stationary mode. 

[0093] The vehicle starts to move as a result of the depression of the accelerator 

pedal 24a, and the operation mode of the vehicle shifts from the stationary mode 

to the start-up mode. The shifting from the stationary mode to the start-up mode 

occurs with a delay following the depression of the accelerator pedal 24a. However, 

the difference in these timings has nothing to do with the problem to be solved by 

this invention. Accordingly, in order to simplify the description, it will be assumed 

here that the shifting from the stationary mode to the start-up mode is performed 

simultaneously with the depression of the accelerator pedal 24a at a time 1 7. 

[0094] After the vehicle has started to move, the start-up mode is terminated 

at a time t2, and at a time t3, the absolute value of the target start-up sped change 

rate drops below the absolute value of the target speed change rate for normal 
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. running. 

[0095] In the hydraulic pressure control routine shown in FIGs. 3A, 3B, 
which is repeatedly executed during this period, since the mode from time t1 to 
time t2 is the start-up mode, the target primary pressure correction amount is 
calculated on the basis of the target start-up speed change rate in the step S13, 
and a pressure obtained by adding the target primary pressure correction amount 
to the target primary pressure calculated in the step SI is set as the corrected 
target primary pressure. Meanwhile, the target secondary pressure is the value 
calculated in the step SI, and is the pressure that is required in order to prevent 
the belt 13 from slipping over the secondary pulley 12 while maintaining the 
current speed ratio. As is shown in FIGs. 11F and 11G, the target primary 
pressure and target secondary pressure calculated in the step SI decrease as the 
speed ratio of the belt CVT 10 decreases. 

[0096] Although in the interval from time t2 to time t3, the vehicle is in the 
normal running mode, the absolute value of the target start-up speed change rate 
is greater than the absolute value of the target speed change rate for normal 
running, so a pressure obtained by added the target primary pressure correction 
amount to the target primary pressure calculated in the step SI is naturally used 
as the corrected target primary pressure. 

[0097] The target start-up speed change rate that is the basis for the calculation 
of the target primary pressure correction amount is constant as long as the 
accelerator pedal 24a maintains the specified depression amount AP01. Accordingly, 
in the interval extending from the time ft to time f3, a constant value is added to 
the target primary pressure as the target primary pressure correction amount, as is 
shown in Fig. 1 IF. 
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[0098] The target line pressure that is calculated in the step S20 corresponds 
to the larger of the corrected target primary pressure and the target secondary 
pressure calculated in the step SI. Accordingly, in the interval from time t1 to 
time t3, as is shown in Fig. 1 IE, the corrected target primary pressure is used as 
the target line pressure. 

[0099] As a result of the above, in the interval from the time t1 to time t3 
immediately after the vehicle has started to move, the target line pressure and the 
target primary pressure are both corrected to increase. The pressure of the primary 
pulley cylinder chamber 11c which is controlled by the hydraulic pressure regulating 
unit 30 on the basis of these increased target values therefore rises rapidly as the 
vehicle starts to move so that the belt CVT 10 is up-shifted with a good response. 
[OlOO] After the time t3 y the absolute value of the target start-up speed 
change rate drops below the absolute value of the target speed change rate for 
normal running. Accordingly, the target speed change rate for normal running is 
applied for the target speed change rate, and the target primary pressure is corrected 
by an increase in pressure using the target primary pressure correction amount 
calculated nvthe step S13 on the basis of the target speed change rate for normal 
running. The target secondary pressure calculated in the step SI is used as the 
secondary pressure. 

[0101] As is shown in FIGs. 11F and 11G, the target primary pressure and 
target secondary pressure calculated in the step SI both continue to decrease as 
the speed ratio decreases due to the up- shifting of the belt CVT 10. The target 
primary pressure correction amount temporarily increases as a result of the shifting 
from the target start-up speed change rate to the target speed change rate for 
normal running. 
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[0102] However, the correction amount decreases as the difference between 
the final speed ratio and the target speed ratio decreases, and finally it becomes 
zero at a time f4, when the target speed ration coincides with the final speed ratio. 
[0103] Thus, according to this invention, the target start-up speed change 
rate is set according to the accelerator pedal depression amount, and in the 
start-up mode, the target primary pressure is corrected to increase based on the 
target start-up speed change rate. 

[0104] As a result, when the accelerator pedal is depressed to cause the 
vehicle to start to move, the primary pressure is corrected to increase before the 
target speed ratio of the belt CVT 10 begins to vary. Accordingly, the actual speed 
ratio of the belt CVT 10 follows the variation in the target speed ratio with a good 
response. 

[0105] If on the other hand the hydraulic pressure control when the vehicle 
starts to move were performed depending on the speed change rate for normal 
running, the target speed change rate would vary according to the difference 
between the final target speed ratio and the target speed ratio. As is indicated in 
the speed change schedule in FIG. 10, the final target speed ratio immediately 
after the vehicle has started to move, is equal to the maximum speed ratio. After 
this state has continued for a short time, the final target speed ratio varies in the 
up- shifting direction. During this interval, the final target speed ratio and the 
target speed ratio are therefore equal, and the target speed change rate for normal 
running is zero. 

[0106] Since the target speed change rate for normal running is proportional 

to the difference between the final target speed ratio and the target speed ratio 

which follows the variation in the final target speed ratio with a first-order delay, 
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the target speed change rate for normal running begins to increase from zero only 
at a timing in the vicinity of time t2 as indicated by the broken line in Fig. 1 1C. 
[0107] Further, it surpasses the target start-up speed change rate only after 
the time t3. Accordingly, if the target primary pressure correction amount were set 
on the basis of the target speed change rate for normal running, the primary 
pressure required for the up-shifting operation of the belt CVT 10 would not be 
obtained during the period from the time 1 1 to time t3. 

[0108] By the setting of the target start-up speed change rate according to 
this invention, the primary pressure is corrected to increase in synchronism with 
the accelerator pedal depression to cause the vehicle to start regardless of the final 
target speed ratio, as is shown in FIG. 1 IF. 

[0109] Accordingly, the speed ratio of the belt CVT 10 varies with a good 
response according to the variation of the final target speed ratio, as shown in 
FIG. 11B. 

[OHO] Furthermore, even in a control system where smoothing processing is 
applied to the target speed change rate for normal running, the system does not 
suffer a speed change lag of the CVT 10 accompanying the smoothing processing, 
because the target speed change rate when the vehicle starts to move does not 
depends on the target speed change rate for normal running. 

[Olll] Furthermore, since the line pressure is set equal to the larger of the 
corrected primary pressure and the secondary pressure, the line pressure also rises 
with a good response as soon as the accelerator pedal 24a is depressed. 
[0112] The target start-up speed change rate is set in accordance with the 
depression amount of the accelerator pedal 24a, so it is set to an appropriate 

value suited for the vehicle start-up conditions. In other words, when the depression 
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amount of the accelerator pedal 24a is small, the target start-up speed change rate 
is small, and the target primary pressure correction amount is also small. Accordingly, 
the increase in the hydraulic pressure when the vehicle starts to move is kept 
small. 

[0113] According to this invention, the target start-up speed change rate 
conversely decreases when the accelerator pedal 24a is depressed beyond the 
specified depression amount AP01. In the region where the accelerator pedal 
depression amount is large, a speed change lag caused by stand-by delay of the 
hydraulic pressure is unlikely to occur, as was described above. Accordingly, in 
this region, the primary pressure correction amount is reduced by reducing the 
target start-up speed change rate. 

[0114] Since the target start-up speed change rate is set according to the 
accelerator pedal depression amount, an increase in fuel consumption caused by a 
wasteful rise in the hydraulic pressure can be prevented while eliminating any 
speed change lag. 

[0115] According to this invention, the shifting from the target start-up 
speed change rate to the target speed change rate for normal running is performed 
when the target start-up speed change rate exceeds the target speed change rate 
for normal running in the step SI. Therefore, sudden change in the hydraulic 
pressure accompanying the shifting of the operation mode does not occur and the 
speed ratio of the belt CVT 10 varies smoothly even during the mode shifting. 
[0116] Next, referring to FIG. 12, a second embodiment of this invention will 
be described. 

[0117] This embodiment relates to the hydraulic pressure control routine. 

When executing the hydraulic pressure control routine, the controller 20 executes 

- 24 - 



processing of a step S160 shown in FIG. 12 instead of the step S16 of FIG. 3A of 
the first embodiment. The remaining features of this embodiment are identical to 
those of the first embodiment. 

[0118] Referring to FIG. 12, in the step SI 60, the CVT controller 20 determines 
whether or not an elapsed time from when the vehicle started to move, which 
corresponds to the time t1 in FIGs. 1 1A through 1 1G, has reached a specified time. 
[0119] When the elapsed time has not reached the specified time, the controller 
20 sets the target start-up speed change rate as the target speed changer rate in 
the step Sll. When the elapsed time has reached the specified time in the step 
S160, the CVT controller 20 sets the target speed change rate for normal running 
as the target speed change rate in the step S12. 

[0120] When the vehicle starts to move on an uphill slope, the acceleration 
of the vehicle is slower for the same accelerator pedal depression amount than 
when the vehicle starts to move on a flat road surface. On an uphill slope, 
therefore, it takes time for the target speed change rate for normal running to 
exceed the target start-up speed change rate. If the primary pressure continues to 
increase on the basis of the target start-up speed change rate over a long period of 
time, however, the fuel consumption will greatly increase. 

[0121] According to this embodiment, when the elapsed time from t1 reaches 
the specified time, the target speed change rate automatically switches from the 
target start-up speed change rate to the target speed change rate for normal 
running. As a result, a wasteful increase in fuel consumption under special 
conditions in which a quick acceleration of the vehicle is not possible can be 
prevented. 

[0122] The contents of Tokugan 2002-255742, with a filing date of August 30, 
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2002 in Japan, are hereby incorporated by reference. 

[0123] Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described above 
will occur to those skilled in the art, in light of the above teachings. 
[0124] For example, in the respective embodiments described above, the 
stationary mode corresponds to the condition in which the vehicle speed VS is less 
than three kilometers per hour, while the rotational speed NPRI of the primary 
pulley 11 is less than two hundred revolutions per minute. However, the stationary 
mode may of course be defined by means of other conditions. 

[0125] It is also preferable that the target primary pressure correction amount 
be further corrected in accordance with conditions such as the oil temperature 
and the like. Specifically, when the oil temperature is out of a specified temperature 
region, the response characteristics of hydraulic pressure control tend to drop. A 
further increase in the target primary pressure correction amount will compensate 
for such a response drop. 

[0126] Iji the hydraulic pressure control routines shown in FIGs. 3A, 3B and 
FIG. 12, the target primary pressure correction amount is calculated as a hydraulic 
pressure. However, it is possible to calculate the thrust force that is necessary to 
prevent the belt 13 from slipping over the respective pulleys while maintaining the 
current speed ratio in the step SI, to calculate the correction amount of the 
thrust force in the step S13, and finally to convert the sum of the thrust force and 
the correction amount into a hydraulic pressure. 

[0127] Furthermore, in the respective embodiments described above, the target 

speed change rate for normal running is calculated in accordance with the difference 
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between the final target speed ratio and the target speed ratio. However, this 
invention is not limited by the determination process of the target speed change 
rate for normal running, and various methods may be applied for determining the 
target speed change rate for normal running. 

[0128] In the respective embodiments described above, the parameters necessary 
for control are detected using respective sensors. However, this invention is not 
limited by the method used to acquire parameters. This invention is applicable to 
any types of hydraulic control devices that execute the claimed control using the 
claimed parameters. 

[0129] The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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